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INTRODUCTION
Plants  respond  to  a  saline environment  by meta-
bolic and morphological changes (16,  17,  20). Most
of the information  on salt effects  stems from work
on  plants  adapted  to  saline  conditions,  the  halo-
phytes,  or  from  mesophytes  which were  grown
under conditions of increased salinity for prolonged
periods. In  the present work some short-term effects
of saline  conditions  on greening  leaves  of an  un-
adapted  mesophytic  plant were studied.  Exposure
of the  leaves  to salt-containing  media introduced
changes  in chlorophyll content, rate of respiratory
02 uptake, chloroplast  fine structure, and number
of mitochondria.  These changes  may be  of interest
in  relation  to  problems  of  salt  tolerance  and
adaptation.
MATERIAL  AND  METHODS
Bean seedlings were grown from seed  (variety French
Dwarf)  for  14  days on vermiculite  in  complete dark-
ness  at 22  l  2
0C. Then the first  pairs  of leaves  were
detached  from the etiolated  plants  and cut along  the
midrib; the halves were floated in Petri dishes  on dis-
tilled  water  or  on  various  salt-containing  solutions
under  fluorescent  light  of 400  ft-c  at  27°C.  Gas  ex-
change by the halved leaves was measured in the dark
in  a  Warburg  apparatus  after  the  leaves  had  been
transferred from the Petri dixhes into Warburg vessels
containing  1.6  ml  distilled  water  or  the  respective
salt  solutions  with  or  without  0.2  ml  KOH  in  the
center well.  Chlorophyll content of the leaves was de-
termined  spectrophotometrically  in acetone  extracts
by using  the constants of Mackinney  (13).
For electron microscopy  1 mm
2 pieces of tissue were
590  B  R  I  E  F  N  O  T  E  SFIGURE  1  Section through cells  of an etiolated leaf. Plastid, P; vesicular center (prolamellar  body),  VC;
vacuole,  V; mitochondria,  M; cell wall,  CW.  X  13,000.
FIGURE  2  Section through a cell of an etiolated leaf, after  4 hr illumination. Incubation medium: water.
Thylakoids,  T; nucleus,  N; nucleolus,  Nc.  X  11,000.
FIGURE  3  Section  through  cells  of an  etiolated  leaf, after  light exposure  for  24  hr,  incubated  in 0.2 M
sodium  chloride.  Note the atypical  development  of  the thylakoids  (T),  the increase  in number of  mito-
chondria  (M),  and the electron optically  "transparent"  regions  in the plastic (P)  stroma  and mitochon-
drial matrix (arrows).  X 8000.
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The  Effect of 0.2 M NaCI on  Number of Plastids and Mitochondria and on Size  of Mitochondria in  Etiolated
Leaves Exposedfor 24 hr to  Light
Plastids per  Mitochondria per  Mean  diameter of
cell section  cell  section  mitochondria
Etiolated  leaves  before  light exposure  (data  6  i  0.9*  5  0.7  0.3  i  0.04
are  from  sections  through  20  different  cells
from  four  leaves)
Leaves  after 24 hr  in  light, water  (43  cells  5  i  0.3  4  4  0.3  0.6  i  0.02
from  six  leaves)
Leaves  after  24 hr  in  light, 0.2  M NaCI  (46  6  0.3  24  4  1.5  0.4  4  0.06
cells  from  10  leaves)
* mean value  and  standard  error
cut from the leaves and fixed for 2 hr in 5%  glutaral-
dehyde  at pH  7.5  in a phosphate buffer,  the osmotic
value of which  was equal to that of the solution  upon
which the leaves  had been floated. The fixative of the
controls  always contained  0.1  M  phosphate buffer pH
7.5. The tissues were postfixed in 2%  OsO4 in a 0.1  M
phosphate  buffer  at  pH  7.5,  dehydrated  in  graded
alcohols,  put through propylene oxide,  and then em-
bedded  in an Epon mixture.  Sections  were  cut  on a
Porter-Blum  or  LKB  ultramicrotome,  poststained
with lead citrate  (23),  and examined  in an RCA  3G
electron microscope.
RESULTS
Fig.  1 shows  the  fine  structure  of plastids  in  the
etiolated  leaves  at  the  beginning  of  the  experi-
ments prior to light exposure.  The rounded plastids
contain  the  crystalline  centers,  typical  for  dark-
grown plants  (5,  6,  10,  24),  together with a num-
ber of single thylakoids. Plastids in cells from leaves
floated  as controls  on  distilled  water  for  24  hr  in
light  are  shown  in  Fig.  2.  They  are  larger,  some-
what  elongated,  and  contain  a  number  of stacks
of two  to  three  thylakoids representing  the  newly
formed grana, and interconnecting "stroma lamel-
lae"; the crystalline  centers  are  absent.  The  num-
ber  of  plastids  per  cell  section  did  not  change
(Table  I).  These light-induced  structural  changes
are in  agreement  with  previous findings  (10,  24).
The plastids in  leaves floated  for 24 hr on  a 0.2  M
NaCl  solution  in  light  (Figs.  3,  4)  retained  their
original  number,  shape,  and  size  (Table  I),  but
their  internal  organization  differed  from  that
found  in  the  etiolated  leaves  and  the illuminated
controls.  The  crystalline centers  disappeared,  but
only  a small  number  of elongated  pairs  of mem-
branes,  occasionally  arranged  in concentric  rings,
could  be  recognized.  The  latter  resemble  thy-
lakoids  and  are  probably  formed  from  material
originally  present in  the crystalline  centers.  Well-
defined,  electron optically  empty  areas  occur  in
the  dense  stroma  (Figs.  3,  4)  and  these  contain
thin  strands  resembling  the DNA  threads  found
previously  in  plastids  (1).  Plastids  in leaves  incu-
bated for  24 hr with 0.3 M NaCI  appeared  to have
been destroyed and were not recognizable.
Only  a  small  number  of mitochondria,  usually
not more  than five,  could  be  found in any section
through  an  etiolated  leaf-cell  (Table  I,  Fig.  1).
These mitochondria had an approximate diameter
of 0.3 /.  After  24 hr in light the  diameters  of the
mitochondria  in  the control  leaves  had  approxi-
mately  doubled,  but  no  apparent  changes  had
occurred  in  their  number  or  structure  (Fig.  2).
In  the leaves floated  on 0.2 M NaCl in light, the
number  of  mitochondria  was  greatly  increased,
and up to 30-40 mitochondria  (Figs. 3-5)  per cell
section  could  be  counted  (Table  I,  Figs.  3-5).
The  mitochondria  were  somewhat  smaller  than
those  of the  illuminated  control  leaves,  but  they
were  somewhat  larger  than  those  in  the etiolated
material.  In  the  matrix  of some  of  these  mito-
chondria  appear  electron  optically  empty  spaces
which  contain,  as  in  the  plastids,  thin  threads.
The  occurrence  of this phenomenon,  however,  is
less  frequent  than  in  the  plastids.  The  mito-
chondria  in  the  treated  leaves  occur  usually  in
clusters,  and  a number  of these  clusters  may  be
found  in  a  given  section.  Frequently,  parallel
arranged  units  of  the  endoplasmic  reticulum,
studded with ribosomes,  were found in the vicinity
of these clusters.
An  increase  in  number  of mitochondria  could
592  B  R  I  E  F  N  O  T  E  SFIGURE  4  Same treatment as for Fig.  3. Note  the threadlike  content (arrow)  of the transparent  regions
in  the stroma  and  the  ergastoplasma-like  orientation  of  the  endoplasmic  reticulum  (ER).  Plastid,  P;
thylakoids,  T; mitochondria,  M; nucleus, N; vacuole,  V.  X  19,000.
FIGURE  5  A group of mitochondria  (M) in the illuminated etiolated leaves treated with sodium chloride.
The  parallel arranged  units of  the endoplasmic  reticulum  (ER) occur frequently  close to the clusters  of
mitochondria. Note thin threads  in electron-transparent  space in mitochondrial  matrix (arrow).  Cell wall,
CW. X  47,000.
also be observed  in leaves treated with 0.3 M NaC1,
although fine structure was badly preserved  under
these conditions.
The changes in the structure of the plastids and
in the number  of mitochondria  are paralleled  to a
certain  degree  by  differences  in chlorophyll  con-
tent and 02 uptake by the treated  and nontreated
leaves.
The  chlorophyll  contents  of the  leaves  floated
for  24  hr on  various  concentrations  of NaC1  are
given  in  Fig.  6.  Chlorophyll  accumulation  de-
creased  with  increasing  salt  concentrations,  and
in  0.2 M NaCl  solution leaves  contained  only  10%
of  the  chlorophyll  in  the  controls.  Chlorophyll
content  was  similarly  reduced  when  mixtures  of
inorganic salts were used and also when the leaves
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FIGURE  6  Chlorophyll  content  in  etiolated  bean
leaves  which  were  incubated  with  various  concentra-
tions  of  NaCl  and  exposed  to  white  fluorescent  light
of  400  ft-c  for  24  hr.  Chlorophyll  concentration  is
given  as  per  cent  of  that  in  the  control  leaves  which
were incubated  with distilled water.
were  floated  on  balanced  nutrient  solutions
(Hoagland  and  Snyder,  reference  8)  of  higher
concentrations.  Phosphate  buffer  at  equivalent
concentrations  had  a similar  effect.  In agreement
with  previous work,  it was  found  that  incubation
of  leaves  with  sucrose  increased  the  amount  of
chlorophyll  present after 24 hr (11,  26),  but addi-
tion of sucrose  to the salt solutions did  not remove
the inhibition caused  by the latter,  and  the leaves
behaved  as  if  they  had  been  exposed  to  NaCl
alone.
The time curves for the rate of 02 uptake by the
NaCl-treated  leaves  and by  the controls are given
in  Fig.  7.  In  the  control  leaves,  respiration  rate
decreases  during  the  first  2-3  hr  and  reaches  a
steady  state  until  the  24th  hour.  Leaves  floated
on  an  0.2  M  NaCl  solution start  to  take up  02  at
a  lower rate, and  a drop in rate similar  to that in
the  control  is  apparent.  Then,  respiration  rate
rises, and after  18 hr a maximum  is reached  which
is significantly higher than  the  rate of the  controls
at  any  time  during  the  experiments.  The  possi-
bility  suggested  itself that the  drop in  rate  of 02
uptake  by the  controls  could  be  due to  depletion
of substrate,  while in the  leaves treated  with NaCI
initial  slower  depletion  of substrates  could  allow
for  the  later  rise.  That  this was  not  the case  was
shown when  leaves  were  transferred,  after  24 hr,
from  water  to  0.2  M NaC1,  and  then 02  uptake
was measured  after  an  additional  24 hr. The up-
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FIGURE  7  Changes  in  rate  of  Os  uptake  by  water-
treated  and  NaCI-treated  leaves  during  exposure  to
light.  The  leaves  were  exposed  to  white  fluorescent
light  of  400  ft-c  while  incubated  in  distilled  water
(solid  line)  or in  a  0.2 M NaCl  solution  (broken  line).
The  leaves  were  transferred  to  Warburg  vessels  after
various  periods,  and  02  uptake  was  measured  mano-
metrically  in  the dark.
take  was  found  to  be  higher  than  in  the  water
controls after  24 or 48 hr. This indicates  that sub-
strate level is not the limiting factor in these experi-
ments.  The  salt-induced  increase  in  02 uptake is
not easily  reversible.  Leaves  incubated  for  24 hr
in 0.2  M NaCl, then  washed  thoroughly  and kept
for 1-2 hr on distilled water,  still retained a higher
respiration  rate.
DISCUSSION
In the  experiments  described  here,  leaves  from  a
mesophyte  unadapted  to  a  saline  environment
were  transferred  to  solutions  containing  relatively
high concentrations of ions. The choice of etiolated
material made  it possible  to study the effect of this
change  in  environment  on  developmental  proc-
esses,  since  both  structural  and  biochemical
changes  occur  as  a  result  of  exposing  etiolated
leaves to  light.
The  results indicate  that the salt concentrations
inhibit developmental processes in the chloroplasts
and  increase  the  number  of  mitochondria.  The
latter  changes  may  constitute  an  emergency
regulatory  mechanism  in  order  to  overcome  the
detrimental  effect of the saline  solution.
In  animals,  organs  active  in  osmoregulation
are  frequently  rich  in  mitochondria  which  may
be grouped  to form "mitochondrial pumps"  (2, 3).
594  B  R  I  E  F  N  O  T  E  SAmong  plants,  halophytes  are  frequently
equipped  with  cells  specialized  for  salt  excretion
(7)  and  which  are  rich  in  well-developed  mito-
chondria  (21).  In  mesophytes  exposed  to  saline
conditions,  respiration  rises  (16),  but  it  has  not
yet  been  shown  that  these  conditions  affect  the
number  of the mitochondria  themselves.
The  large  number  of  clustered  mitochondria
visible  in  the  thin  sections  through  the  leaves
floated  on  salt media  could  be caused  by  a local
concentration  and  clumping  of  already  existing
ones.  Systrophe,  a  concentration  of  cytoplasm
and/or plastids around  the nucleus,  may be caused
when  high  concentrations  of  plasmolyticum  are
used  (19).  However, the distribution of the clusters
of  mitochondria  and  especially  the  unchanged
number  and  location of plastids in  the sections  of
the  NaCl-treated  leaves  make  this  possibility
unlikely.  The  electron  micrographs  indicate,
therefore,  a real increase  in mitochondria  per cell;
the  mechanism  and  the  time  curve  of this  mul-
tiplication  are  now under investigation.
In the leaves  treated  with sodium  chloride,  the
plastid  stroma  and  the  mitochondrial  matrix
showed  areas  with  low  electron  opacity,  which
contained  thin  strands,  this  indicates  localization
of DNA.  Similar  "empty"  spaces  occur  in  mito-
chondria  of the excretory  cells  of  Tamarix  aphylla
(21)  and  can  also  be  found  in  plastids  and  mito-
chondria  of partially  desiccated  root  tips  (Y.  Nir.
Data unpublished).
Chloroplast  development  and  chlorophyll
accumulation  can  be  inhibited  by various  means
(9,  14,  15,  18,  22,  25).  Pertinent  to  the  findings
REFERENCES
1.  BISALPUTRA,  T.,  and A.  A.  BISALPUTRA.  1967.  J.
Ultrastruct.  Res. 17:14.
2.  COPELAND,  E.  1964. J.  Cell Biol. 23:253.
3.  COPELAND,  E.  1966.  Science.  151:476.
4.  DEVIDE,  Z.,  and  M.  WRISCHER.  1964.  Proc. Euro-
pean Reg.  Conf.  Electron Microscopy,  3rd Prague,
1964. 151.
5.  GEROLA,  F. M.,  F. CHRISTOFORI,  and  G. DASSIN.
1960.  Caryologia. 13:164.
6.  GEROLA,  F.  M.,  F.  CHRISTOFORI,  and G.  DASSIN.
1960.  Caryologia. 13:179.
7.  HIELDER,  R.  J.  1956.  In Handbuch der Pflanzen-
physiologie.  W.  Ruhland,  editor.  Springer
Verlag,  Berlin. 2:468.
8.  HOAGLAND,  D.  R.,  and  W.  C.  SNYDER.  1933.
Proc. Am.  Soc. Hort. Scl. 30:288.
9.  KLEIN,  S.  1960.  J.  Biophys.  Biochem. Cytol. 8:529.
described  here  may  be  the  finding  that  water
stress, induced  by floating  leaves  on saccharose  or
on mannitol  solutions,  causes reduction  in chloro-
phyll accumulation  by inhibiting protochlorophyll
synthesis  (25).
The  suppression  of  chlorophyll  accumulation
in illuminated  etiolated  leaves  is  always  coupled
with  absence  of normal  chloroplast  development
(4,  12,  14,  22).  Depending  on  the  agents  used,
either  development of chloroplasts  stops  at inter-
mediate  stages  or  aberrant  structures  are  formed.
The latter appears to be the case  when the green-
ing leaves are exposed to  NaCl solutions,  since the
features  of the  leaves  exposed  for  24  hr  to  light
on the salt medium  do  not  fit  any  of  the  stages
in  chloroplast  development  described  by  Virgin
et  al.  (24)  and  Klein  and  Bogorad  (10).  Struc-
turally  deficient  chloroplasts  have  also  been
described  in  the  secretory  cells  of  Tamarix  (21).
In regard  to  control mechanisms  in halophytes,
it  is not possible  to  draw direct conclusions  from
the  behavior  of  the  isolated  mesophyte  leaves
when  they  are  transferred  abruptly  to  a  saline
medium. Nevertheless,  the fact  that  salt solutions
can  affect the development  of cell  organelles  and
especially  that  the  number  of mitochondria  can
be increased  experimentally  in developing  leaves
by  this  treatment  makes  it possible  that  such  a
system,  as  described  here,  may  be  useful  in  the
elucidation  of  adaptive  mechanisms  resulting  in
salt tolerance.
Received for publication 17  October  1967,  and  in revised
form 24 January 1968.
10.  KLEIN,  S.,  and  L.  BOGORAD.  1964.  J.  Cell Biol.
22:1443.
11.  KLEIN,  S.,  and Y.  EILAM.  1962.  J.  Cell Biol.  14:
169.
12.  KLEIN,  S., andJ. NEUMAN.  1966. Plant  Cell Physiol.
Tokyo.  7:115.
13.  MACKINNEY,  G.  1941.  J.  Biol. Chem.  140:315.
14.  MARGULIES,  M.  M.  1962.  Plant Physiol.  37:473.
15.  MARGULIES,  M.  M.  1966.  Plant Physiol. 41:992.
16.  NIEMAN,  R.  H.  1962.  Botan. Gaz. 123:279.
17.  NIEMAN,  R. H.  1965.  Plant Physiol. 40:156.
18.  PRICE,  L.,  and  W.  H.  KLEIN.  1962.  Radiation
Botany.  1:269.
19.  STADELMANN,  E.  J.  1966.  In  Methods  in  Cell
Physiology.  D.  M.  Prescott,  editor.  Academic
Press  Inc.,  New York.
20.  STROGONOV,  B.  P.  1962.  Physiological  Basis  of
B  R  I  E  F  N  o  T  E  S  595Salt  Tolerance  of  Plants.  Translated  by  the  23.  VENABLE,  J.  H.,  and  R.  COGGESHALL.  1965.  J.
1964  Israel  Program  for  Scientific  Transla-  Cell Biol. 25:407.
tions  Ltd.  Izdatel'stvo Akademii  Nauk SSSR.  24.  VIRGIN,  H.  I.,  A.  KAHN,  and D. VON  WETTSTEIN.
Moskva.  1963.  Photochem. Photobiol. 2:83.
21.  THOMSON,  W. W.,  and  L.  L. Liu.  1967.  Planta.  25.  VIRGIN,  H.  1. 1965.  Physiol. Plantarum. 18:994.
73:201.  26.  WOLFF, J.  B.,  and L.  PRICE.  1960.  J.  Biol. Chem.
22.  THOMSON,  W.  W.,  and  T.  E.  WEIER.  1962.  Am.  235:1603.
J.  Botany. 49:1047.
596  B  R  I  E  F  N  T  E  S